Introduction
The relation existing between the thyroid gland and lactation has received much attention so far, but some controversy exists concerning the part which the thyroid gland plays in lactation.
The role of the thyroid gland in lactation has been regarded as being minor on one hand, and no inhibition of lactation has been observed in thyroidectomized animals (D r a g s t e d t et al., '24, dogs ; N e I so n, '36 , rats ; Nelson and T o b i n, '37, rats). But on the other hand, decreased milk secretion following thyroidectomy in goats was . observed by Grimmer ('18) . It has been noted that the addition of dried thyroid to the diet of cows caused a rapid increase in the quantity of milk again (G r a h a m, '34 a and b), while Folley ('38) found that by giving suitable amounts of dried thyroid or by injecting thyroxine, the production of milk increased transiently to 30 per cent above the ordinary level. Wei c h e r t and Boyd ('34) stated that mammary development is more rapid, and the secretory phase established earlier in pregnant rats receiving dried thyroid than in controls.
Notwithstanding such results having been published, systematic histological descriptions regarding the thyroid gland in the normal course of lactation is apparently scarce (cf. Bar g man n, '39), and this seems to call for a thorough investigation of the histological aspects of this problem.
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The present paper contains the observations of histological changes in the thyroid glands of mice during lactation and almost natural weaning, and those of mice forced to wean their sucklings immediately after parturition.
Some evidence concerning the histological changes are presented here, and their possible significances are discussed in relation to lactation, and weaning.
Furthermore, the thyroid gland is observed histologically in relation to the sexual cycle.
Materials and Methods
A total of 249 primiparous mice ranging in age from 45 to 65 days were used. These animals were divided approximately equally in number into two groups of lactation and weaning.
The lactation group consisted of mother animals whose nurselings were decreased to four immediately after parturition and nursed until 25 days after parturition, and later weaned. The weaning group consisted of mother animals whose nurselings were all weaned immediately after parturition. Mother animals of both groups were killed at regular intervals of 24 hours after parturition.
Immediately before sacrifice the vaginal smear test was made in all the animals of the weaning group and in some (chiefly 26 to 35 days after parturition) of the lactation group, to examine the condition of the estrous cycle (tables 1 and 2). In addition, to prove again accurately the general trend of the first reappearance of the estrous cycle after parturition on mother animals, whose nurselings were weaned immediately after parturition, 20 animals were left to survive for daily vaginal smear tests.
Immediately after sacrifice, the thyroid glands were removed, with the trachea and esophagus, and fixed in C i a c c i o's fluid. The materials were imbedded in paraffin, sectioned at 6 g transversely and mounted serially.
The sections were stained chiefly with H e id e n h a i iron hematoxylin, and some with May e r's hematoxylin and eosin.
The histometrical measurements of various components of the thyroid glands were made exclusively of the middle one-third of the lateral lobe. They will serve as good histological indices for determining the functional phases induced by lactation and weaning, and also by the sexual cycle, of the thyroid glands.
In the graphs (figs; 1 to 4) each 'point represents the observation based upon one animal.
The frequency per square millimeter of occurrence of follicles over 50 p in diameter was calculated as follows : The number con- tamed within 20 sections consisting of every 5th section was examined and the averaged number per square millimeter was determined by the ratio, frequency averaged per section/averaged section area (figs. 1 and 2). The diameters of follicles of over 50 were obtained by adding . the length of the largest diameter and that of the diameter at right angles to it, and dividing the sum by 2. The frequency per square millimeter of occurrence of irregular-shaped follicles was calculated in the same way.
To obtain some quantitative expression of serial changes of colloid, the following examination was made with Ciaccio-fixed prepara- tions stained by iron hematoxylin. An unevenness or spottiness of staining between the extremes (blue-black in the whole area within follicles and uniformly faintly gray) was for convenience reckoned as moderately stained colloid. In 20 fields of every 5th sections , under low magnification (ocular x 8, objective x 40) , follicles containing colloid of three staining orders, respectively, were counted . The total in each animal was averaged and the percentages of the three orders were derived.
In the graphs (figs . 3 and 4), the percentages of follicles containing darkly stained colloid were plotted , and to avoid congestion of the graphs, the other two were omitted . The percentages do not represent the exact rates of colloid change, but give an approximate indication of the colloid changes which are useful for criteria.
Observations
Follicles-The majority of large follicles were always located in the peripheral zone of the gland, and small follicles chiefly in the central zone, as were found in rats (J a c k so n, '16 ; Su g i y a m a, '39) . and mice (0 h Some of them indicated papillary projections of the follicle walls extending to the follicle cavity ( fig. 7) . Others showed elevated swellings of the follicle walls. Still others indicated various shapes such as durn-bells, star-fishes, arched and branching tubules.
Weaning group : The frequency per square millimeter of follicles over 50 A in diameter showed a decrease immediately after parturition, and was maintained in the same state until 16 days after parturition (figs. 2 and 8). During this period, most of the glands examined showed a microfollicular trend.
After this period the glands became transiently of the macrofollicular type. Irregular-shaped follicles were more numerously found than in the lactation group, and especially after 16 days after parturition.
Follicles in relation to the sexual cycle : The frequency per square millimeter of follicles over 50 A was examined in relation to the estrous cycle of female mice after weaning in the lactation and weaning groups. Any significant differences were not found between the 4 different stages of the cycle (tables 1 and 2). In the lactation group, the diestrous stage showed an averaged.value of 72 per square millimeter, a value smaller than that in any of the other stages, which indicated averaged values of 87 to 81. The range of individual values in each stage was very wide. In the weaning group, the diestrous stage was 58, and the other three stages 68 to 62. The range in each stage was also very wide in this group.
Follicle Cells-Follicle cells varied in height and form in different follicles and were so dependent upon age, glandular zone and length of the experiment.
Nuclei of the general follicle cells were round to oval, and located somewhat centrally or basally in the cell body. The chromatin reticulum was moderately dense. A number of hyperchromatic nuclei whose chromatin reticulum was completely obscure with iron hematoxylin stain but not pyknotic, were often found. The cytoplasm was finely granular and its granularity of various degrees led follicle cells to assume different forms from clear swollen follicle cells to darkly stained cells. Some of the follicle cells were loaded with several or a few secretory droplets of various shades of black ( fig. 10 ). The secretory droplets were found chiefly in the From three to 25 days after parturition the follicle cells were slightly decreased in height and became generally cubical ( fig. 6 ), but sometimes swollen cubical in the central zone and columnar in the peripheral zone of the gland. Especially during a period from 20 to 25 days after parturition the follicle cells were usually swollen.
After weaning (25 days after parturition) the follicle cells became more swollen with increased granularity in the cytoplasm.
Secretory droplets were found most frequently from immediately after parturition to 9 days (figs. 1, 3 and 10). Later, after weaning the droplets were again found in abundance. Parafollicular Cells-The parafollicular cells (S u g i yam a, '39, rats) were found relatively often in the lactation and weaning groups. They showed no significant differences in their occurrence in the two groups. Parafollicular cells were round to oval or polygonal, and appeared usually like parietal cells of the gastric gland. without bordering the follicle cavity directly.
Their distribution was found to be in a considerable number of follicles central.
The nuclei were round to oval and as large as or smaller than those of ordinary follicle cells, and the chromatin reticulum was moderately dense.
The cytoplasm was darkly granulated and sometimes darkly homogeneous.
Colloid, in Ciaccio-fixed preparations stained with hematoxylin and eosin, was as a rule not granulated, eosinophilic and rarely partly eosinophilic and partly basophilic. The colloid was stained more intensely in the peripheral zone of the gland.
With He i d e n h a i n's iron hematoxylin, differences in staining were more distinct. Marginal vacuoles (Randvakuolen) of colloid show the appearance of artifacts by fixation, but their numerous occurrence may well bear a relation to the release of colloid, beause of their characteristic distribution under certain conditions (K r o g h and O k k el s, '33, guinea pigs ; Se v e r i n g h a u s, '33, guinea pigs and monkeys ; A r o n, '34, guinea pigs; Florentin, Fontaine and Hennequin, '36,rabbits; Sugi yam a, '39, rats ; Su g iy ama and S a t o, '54, guinea pigs). The marginal vacuoles occurred to a greater extent in feebly stained colloid than in darkly stained colloid, but their frequent occurrence was occasionally seen in large follicles containing dark colloid, which consisted of swollen cubical or columnar follicle cells. Crevices which are obviously artifacts made by cutting with the microtome knife but are related to the high density of colloid, were found in darkly stained colloid and infrequently in feebly stained colloid. Colloid contained desquamated follicle cells rarely.
With Ciaccio-fixed preparations stained by H e i d e n h a i n's iron hematoxylin, examination of colloid in the lactation and weaning groups indicated the following findings ( figs. 3 and 4) .
In the lactation group, the colloid was stained somewhat more inconstantly than in the weaning group. Immediately after parturition the colloid was stained feebly (figs. 3 and 5). Follicles containing dark colloid were found on an average to 40 to 60 per cent per field. From 4 days after parturition the colloid increased in staining grade with some fluctuations, and follicles containg dark colloid increased to Q0 to 80 per cent per field. After weaning (25 days after Mouse Thyroid in Relation to Lactation , Weaning anc Sexual Cycle 55 parturition) the colloid stained darkly for a while with the increase in frequency of follicles over 50 ic ( fig. 7) , and became stained inconstantly again with the decrease of follicles over 50 ,u ( figs. 1 and 3) .
In the lactation group, marginal vacuoles were found numerously throughout the experimental period, especially immediately after parturition ( fig. 5 ). In the weaning group, immediately after parturition, the colloid was stained darkly in contrast with that observed in the lactation group ( figs. 3 and 4) . This state lasted until 11 days after parturition. The dark colloid prevailed over the whole gland ( fig. 8) . From 12 days after parturition on, feeble colloid increased in rate and reached the maximum at 16 days. Follicles containing dark colloid were 20 to 60 per cent per field. After this time the colloid increased in staining degree ( fig. 9 ) but it was stained inconstantly again from 22 days after parturition on. Marginal vacuoles of colloid were found to be relatively numerous at three to 4 days after parturition.
During the experimental period the marginal vacuoles were found numerously at 16 to 18 days, in coincidence with the feeble staining of colloid, and again at 24 to 25 days.
Colloid in relation to the sexual cycle : No significant differences were found between the 4 stages of the cycle (tables 1 and 2). In the lactation and weaning groups, the colloid, however, was generally slightly feeble in staining in the two successive stages of the estrus and metestrus.
Connective Tissue-did not show any marked alterations in the lactation and weaning groups. The interlobular connective tissue originating from the glandular capsule was relatively distinct in the medial peripheral zone. Perifollicular connective tissue was derived from the interlobular and capsular connective tissues.
These tissues contained a number of steatoblasts which had fatty droplets in great abundance.
Blood Vessels-In the lactation and weaning groups, all of the vascular patterns of the glands, except for capillary hyperemia, appeared nearly alike.
The arteries ran within or beneath the capsule and most of them entered the interior of the gland from the medial peripheral zone along the interlobular connective tissue to ramify into smaller branches.
Veins were accompanied by the arteries. Most of the veins were only composed of the delicate intima and adventitia, without muscle fibers.
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Capillary hyperemia varied in occurrence according to the progress of time elapsing after parturition in the lactation and weaning grops.
Engorged capillaries became sinusoidal and very often bulged into the follicle walls, indenting their basal surfaces.
This arrangement enhanced still further the intimacy of the capillary with the follicle epithelium.
In the lactation group, an intense hyperemia occurred immediately after parturition and lasted until 2 days ( fig. 5) . The capillary hyperemia, however, became gradually mild, but did not completely disappear.
From 25 days after parturition, the capillary hyperemia became intense again ( fig. 7) .
In the weaning group, an intense capillary hyperemia occurred also immediately after parturition and the capillary hyperemia lasted until later. It was found to be somewhat stronger than in the lactation group. The capillary hyperemia was relatively mild from 17 to 20 days, but later became stronger again.
Discussion
The normal duration of lactation in female mice has been described to be about 4 weeks (S n e I I, '56). Milk production increases for the first ten days and then gradually decrease (E n z m a n n, '33). In lactating mice a long period of diestrus occurs following the first post partum estrus.
This diestrus lasts from about 20 to 25 days (Crew and Mirskaia, '30 ; Deansly,'30). According to Togari ('27), about 20 days following parturition the estrus and ovulation reappear, and from then on the normal estrous cycle is observed. On the basis of these data, the weaning at 25 days after parturition in the present experiment may be considered to be natural and reasonable.
The histological studies including histometrical measurements make it possible to divide the progression of histological changes of the thyroid gland of mice lactating following parturition into the following stages :
1. Shortly after parturition (In puerperium)-the thyroid gland seems to maintain yet a follicular state similar to that found near full term (T a k e u c h i, '58). This stage appears to represent one of increased thyroid activity.
The thyroid gland is characterized histologically by microfollicular types and their transitional types, together with the decreased staining of colloid and its strong mar-ginal vacuolation ( fig. 5) . Furthermore, associated with these phenomena, marked swelling and increase in height of the follicle cells with formation of secretory droplets, and strong capillary hyperemia are found (figs. 1, 3, 5 and 10).
A h a r a ('33) described a similar finding of increased thyroid activity in rats on the second day after parturition ; viz ., the decrease in size and irregular state of the follicles, the release of colloid and the increase in height and granularity of the follicle epithelium. Bernard ('27) revealed the following in dogs : Parturition is followed by the discharge of colloid. After .a short time of inactivity, the thyroid gland increases in activity again during the next period of lactation and shows numerous occurrence of vacuoles in the follicle epithelium and strong vacuolation in colloid. Salter ('40) also suggested that lactation is one of the circumstances which activates the thyroid glands of man and beast. Z al e s k y ('35) found histologically an increased thyroid activity in lactating ground squirrels. 3. The third stage appears to consist of three distinct phases , accumulation, storage and gradual decrease of colloid , and seems to be the direct effect of the weaning seen at 26 days after parturition . The thyroid gland is histologically characterized by a rise in frequency per square millimeter of follicles over 50 p, static maintenance of their maximum level and subsequent decrease , with irregular becoming in follicle shape ( figs. 1 and 7) .
The colloid, however, shows for a while a dark staining . Associated with these phenomena , marked capillary hyperemia and swelling of follicle cells ( fig. 7) , with newly increased formation of secretory droplets, are found.
The same presumption of an increased secretion of thyrotropic hormone by the pituitary , as that for the previous stages may be presented to explain this finding.
The thyroid glands of mice who weaned their sucklings immediately after parturition indicated the following two stages . The first stage lasts from immediately after parturition to 16 days and reveals a finding similar to that found in the puerperium and in the subsequent stage of the lactation group . The thyroid gland appears microfollicular and transitionally microfollicular with an irregular change of follicle shape and furthermore with dark staining of colloid (figs. 2, 4 and 8) . The formation of secretory droplets in the follicle epithelium is less frequent (figs . 2 and 4).
The second stage lasts from 17 days after parturition to 30 days , and reveals a rise, maintenance of high values and subsequent decline in frequency of follicles over 50 p, with some exceptions . This is similar in histological, pattern to the third stage of the lactation group.
The swelling of the follicle cells occurs with an increased formation of secretory droplets .
Apparently there is a time relation concerning the changes observed in the lactation and weaning groups . In the lactation group, the lactation is maintained almost in a natural condition and the sucklings are weaned also almost in a natural condition . A transient increase in frequency per square millimeter of follicles over 50 p at 26 to 33 days after parturition is distinctly considered as the direct effect of weaning ( fig. 1) . On the other hand , a direct effect is not distinct in the weaning group. Instead of this , the gland shows a transient rise in the frequency of the follicles over 50 i at 17 to 25 days ( fig. 2) . What does this mean ?
Another point of interest is the following : Despite the similarity of the follicular trend in the initial stages, there is shown s mne histological difference between the lactation and weaning groups . In the lactation group, there is a marked occurrence of secretory droplets in the follicle epithelium, while in the weaning group a decrease in occurrence is seen ( figs. 1 to 4) .
Recent study has revealed some variations in thyroid function during the sexual cycle. L e e ('27 '28) described a significant increase in the basal metabolic rate of the female rat during the last 10 hours of the diestrus and the first 6 hours of the proestrus. According to Reineke and S o l i m a n ('53), the oxygen consumption showed a significant rise during the estrus of female rats. In the course of the sexual cycle, definite changes have been reported to occur in iodine metabolism.
During estrus there is a decreased iodine content in the thyroid gland of rats (N a k a m u r a, '32). In goats, Leitch and Henderson ('26) found a hyperiodemia in heat.
Reinëke and Sol i m a n ('53) described that there is a significantly greater collection of I" by the thyroid gland of rats during the estrus than in any of the other stages.
However, at the same time both authors stated for female mice that the rise in I"' uptake starts during the diestrus and reached a peak during the proestrus rather than during the estrus. Feldman ('56) reported also an increase of I"' uptake by the thyroid gland during the estrus of rats.
On the other hand, no cyclic change is found in the thyroid.
gland of women by measuring the I"' uptake (S u z u k i, '57).According to Turner and C u p p s ('39), the assay for thyrotropic hormone on the pituitary of estrous rats is very low. The results are slightly variable according to the species of animals used.
Histological studies of the thyroid glands in relation to the sexual cycle revealed the following : Hunt ('44) observed in young rats that the mitotic activity of the gland increased slightly in early estrus, reached a maximum during the estrus, declined during the metestrus and became minimal during the diestrous interval. C h o u k e, Friedman and Loeb ('35) pointed out the mitotic cycle of the thyroid gland in relation to the sexual cycle in guinea pigs. Nakamura ('32) pointed out the abundant accumulation of colloid during the estrus of rats.
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